Phosphorus-31 nuclear-magnetic-resonance study of phosphorylated metabolites compartmentation, intracellular pH and phosphorylation state during normoxia, hypoxia and ethanol perfusion, in the perfused rat liver.
A quantitative analysis of the phosphorus-31 NMR spectra of excised perfused rat liver has been carried out at 80.9 MHz using a 30-mm sample cell. The results indicate that in liver from fed rats, all intracellular ATP is detected by NMR. In contrast, only the cytosolic fractions of Pi and ADP can be observed as indicated by careful analysis of spectra obtained from perchloric acid liver extracts and intact liver under valinomycin perfusion. In well-oxygenated perfused liver the ATP concentration is 7.4 mM. Values of 5.3 mM and 0.9 mM are found respectively for Pi and ADP concentrations in the cytosolic compartment. Cytosolic pH value (pHi) is 7.25 +/- 0.05 and free magnesium concentration 0.5 mM. Addition of 70 mM (0.4%) ethanol to the perfusate of a fed rat liver induces 25% and 38% reduction of ATP and Pi levels, respectively. A large amount of sn-glycerol 3-phosphate is synthesized (up to 11 mM) in the cytosol. After ethanol withdrawal, a large overshoot in cytosolic Pi is observed, which is indicative of a net uptake of Pi across the plasma membrane that occurred during ethanol oxidation. No significant pH variation is observed during ethanol infusion. In perfused liver of rats subjected to 48-h fasts, the concentrations of cytosolic phosphorylated metabolites are 5.3 mM, 0.8 mM and 11.5 mM for ATP, ADP and Pi, respectively. The perfusion of the liver with 70 mM ethanol does not change the adenine nucleotide levels, while the Pi content is decreased by 10%. During a 4-min hypoxia, induced by reducing the perfusion flow rate from 12 ml to 3 ml min-1 (100 g body weight)-1, ATP concentration decreases to 5.8 mM in the fed rat liver. Cytosolic Pi and ADP increase to 8.7 mM and 1.6 mM, respectively. The cytosolic pH evolves to more acidic values and reaches 7.02 +/- 0.05 at the end of the 4-min hypoxic period.